Objective: To enhance solubility of ethanolic extract of Andrographis paniculata by solid dispersion technique and to perform formulation and evaluation of solid dispersion tablet. Materials and Methods: Solid dispersion of Andrographis paniculata extract has been prepared by solvent evaporation technique using soluplus and PEG 6000. Prepared solid dispersions have been evaluated for various micromeritic properties. The tablets of solid dispersion were prepared by direct compression technique and were evaluated for various physical tests and in-vitro dissolution study. Results: The study showed that prepared solid dispersion has good flow property and compressibility. The solubility of extract was found to be more from solid dispersion prepared by using soluplus than that of prepared by using PEG 6000. The rate of drug release was found to be higher in acidic buffer at pH 1.2 as compared to that of in phosphate buffer at pH 6.8. Conclusion: The study concludes that the solid dispersion tablet of ethanolic extract of Andrographis paniculata can be effectively prepared using soluplus by solvent evaporation technique so as to increase solubility, dissolution and hence oral bioavailability of andrographolide. enhanced its importance in the arena of medicinal plants. [7] [8] [9] [10] [11] [12] Authors have already done phytochemical investigation, analgesic and antipyretic activities of ethanolic extract of Andrographis paniculata. The findings of study indicated that ethanolic extract of Andrographis paniculata have significant analgesic and antipyretic activity. 13 The extracted andrographolide has poor water solubility hence need to enhance solubility so as to increase the absorption and oral bioavailability. Hence the objective of present study is to enhance solubility of ethanolic extract of Andrographis paniculata by solid dispersion technique and to perform formulation and evaluation of solid dispersion tablet.
INTRODUCTION
Andrographis paniculata is native to Tai-wan, Mainland China, Srilanka and India. It is also commonly found in the tropical and subtropical Asia, Southeast Asia and some other countries including Cambodia, Caribbean islands, Indonesia, Laos, Malaysia, Myanmar, Sri Lanka, Thailand and Vietnam. This plant is also found in different phytogeographical and edaphic zones of China, America, West Indies and Christmas Island. Andrographis paniculata is commonly known as King of Bitters or kalmegh. 1 The plant mainly contains bitter diterpenoid lactone andrographolide which is shown in Figure 1 and other related compounds like deoxy andrographolide, 11, 12-didehydro-14-deoxy-andrographolide, neoandrographolide and andropanoside. In traditional medicine Andrographis paniculata is widely used to get rid of body heat, dispel toxins from the body, to prevent the common cold, upper respiratory tract infection and as an antidote against poisons of snakes and insects. [2] [3] [4] [5] [6] The plant has been reported to exhibit a various modes of biological activities in-vitro as well as in-vivo viz. antibacterial, antiviral, anti-inflammatory, anti-HIV, immunostimulatory and anticancer. The plant showed potential therapeutic action in curing liver disorders in humans. The characteristic secondary metabolites encountered in this plant have considerably enhanced its importance in the arena of medicinal plants. [7] [8] [9] [10] [11] [12] Authors have already done phytochemical investigation, analgesic and antipyretic activities of ethanolic extract of Andrographis paniculata. The findings of study indicated that ethanolic extract of Andrographis paniculata have significant analgesic and antipyretic activity. 13 The extracted andrographolide has poor water solubility hence need to enhance solubility so as to increase the absorption and oral bioavailability. Hence the objective of present study is to enhance solubility of ethanolic extract of Andrographis paniculata by solid dispersion technique and to perform formulation and evaluation of solid dispersion tablet.
MATERIALS AND METHODS

Materials
Ethanolic extract of Andrographis paniculata aerial part was prepared and used. Lactose and starch were procured from Loba Chemie Pvt. Ltd., Mumbai. Soluplus was procured from BASF, Mumbai. PEG 6000 was obtained from Merck India Ltd., Mumbai. All other chemicals used were of analytical grade.
Methods
Preparation of Solid dispersion of Andrographis paniculata extracts using solvent evaporation technique
Solid dispersions of Andrographis paniculata extract and polymer such as soluplus and PEG-6000 were prepared by solvent evaporation method. The ratio of Andrographis paniculata extract (equivalent to 50 mg of andrographolide) to polymer was taken as 1:1, 1:2 and 1:3. Composition of each ingredient is shown in Table 1 . The Andrographis paniculata extract and polymer were separately dissolved in sufficient quantity of methanol. The clear solutions of extract and polymer were mixed and then the solvent was evaporated in water bath at 50°C till dryness. The dried sample of dispersion was kept in desiccator until further study. To this dried dispersion required quantity of micro crystalline cellulose (MCC) and talc were added as a diluent and lubricant respectively and then pulverized using a mortar and pestle. Mixture was passed through 50-mesh sieve (300 μm) and used for evaluation of micromeritic properties.
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Evaluation of solid dispersion [16] [17] Solid dispersion of Andrographis paniculata extract was evaluated for micromeritic properties such as angle of repose, bulk density, tapped density, Carr's index, hausners ratio etc.
Photo microscopic image
Photo microscopic image of solid dispersion was carried out by using motic microscope (Motic Microscope-B 1 Series) at 720 *576 resolutions.
Angle of Repose
The angle of repose of solid dispersion was determined by funnel method. Accurately weighed quantity of solid dispersion was taken in a funnel. Height of the funnel was adjusted in such a way that the tip of the funnel just touches the apex of the heap of dispersion. The dispersion was allowed to flow through funnel freely onto the surface. The diameter of the powder cone was measured and angle of repose was calculated by using the following equation.
Where θ = angle of repose, h = height of the cone and r = radius of the cone base
Bulk density
Both loose bulk density (LBD) and tapped bulk density (TBD) were determined. A quantity of 2 g of solid dispersion of each formulation which was previously lightly shaken to break any agglomerates formed and introduced into a 10 ml measuring cylinder. After checking the initial volume was observed, the cylinder was allowed to fall under its own weight onto a hard surface from a height of 2.5 cm after every 2 sec. The tapping was being continued until no further change in volume was noted. LBD and TBD were calculated by using the following formulas. LBD = Weight of powder / Volume of packing TBD = Weight of powder / Tapped volume of packing
Compressibility Index
The compressibility of the granules was determined by Carr's Compressibility Index by using following formula.
Carr's compressibility index (%) = [(TBD -LBD) × 100] / TBD
Hausners ratio A similar index like compressibility index has been defined by Hausners. Hausners ratio can be calculated by formula: Hausners ratio = TBD/LBD
Percent Yield
The prepared solid dispersion was weighed and compared to the initial weight. The percentage yield of solid dispersion prepared by solvent evaporation method was determined by using the following formula:
Percent yield
Weight of prepared solid dispersion Weight of extrac = t t polymer + ×100
Determination of Saturation Solubility of Andrographis paniculata extract and Solid Dispersion 18 Saturation solubility was determined by dispersing a known excess amount of Andrographis paniculata extract and solid dispersions into 10 ml of distilled water. The suspensions were stirred using mechanical shaker at 37 ± 0.5°C for 48 h. At the end of this samples were withdrawn and centrifuged at 10000 rpm for 10 min to separate un-dissolved extract.
The supernatant was taken and diluted with methanol. This solution was filtered through 0.45-mm Whatman filter paper and solubility was quantified by using UV-spectroscopy (Jasco V-530, Japan) at 224 nm. The results of triplicate measurements and their means were reported. 
Preparation of Solid dispersion tablet
To dried solid dispersion of each formulation required quantity of micro crystalline cellulose (MCC) and talc were added as a diluent and lubricant respectively and then pulverized using mortar and pestle. Mixture was passed through 50-mesh sieve (300 μm). Then required quantity of magnesium stearate was added as an anti-adherent and mixed well. The prepared dispersion was compressed into tablet using 8 mm punch on 8 station rotary tablet Press.
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Evaluation of Tablet
20-21
The solid dispersion tablet of Andrographis paniculata extract was evaluated for following different parameters.
Thickness and Diameter
Thickness and diameter of tablet was determined using digital Vernier caliper (Mitutoyo Corporation India). Five tablets from each batch were used and their average values were calculated.
Hardness
For each formulation, the hardness of 6 tablets was determined using calibrated Monsanto hardness tester (Cadmach). The tablet was held along to its oblong axis in between the two jaws of the tester. At this point reading should be zero kg/cm 2 . Then constant force was applied by rotating the knob until the tablet gets fractured. The value at this point was noted in kg/cm 2 which indicates hardness of tablets.
Friability
For each formulation the friability was determined by using 20 tablets and Roche friabilator (Lab Hosp.). The tablets are subjected to combined effect of shock abrasion by utilizing a plastic chamber which revolves at a speed of 25 rpm and drops the tablets to a distance of 6 inch in each revolution. A sample of pre-weighed 20 tablets was placed in Roche friabilator which was then operated for 100 revolutions for 4 min. then the tablets were de-dusted and reweighed. A loss of less than 1 % in weight is generally acceptable. Percent friability (% F) was calculated as follows:
%F Loss in weight
Initial weight = × 100
Weight variation Test
To study weight variation test 20 tablets of each formulation were weighed using an electronic balance (Citizen, CY-104) and the test was performed according to the official method.
Drug content
Five tablets were weighed individually and these tablets were crushed in a mortar. Drug equivalent to 10 mg of powder was dissolved in a suitable quantity of methanol by using an ultrasonicator and filtered through Whatman filter paper. The drug content was determined at 224 nm using UV spectrophotometer (Jasco V-530, Japan) after suitable dilutions.
In-vitro Drug Release Studies 22
In-vitro drug release study for the prepared solid dispersion tablets was conducted using a six-station USP type II (paddle) apparatus at 37ºC ± 0.5ºC and 100rpm speed. The dissolution studies were carried out in two different dissolution media such as acidic buffer of pH 1.2 and phosphate buffer of pH 6.8. Samples were withdrawn at 5, 10, 15, 30, 45, 60, 90 and 120 min and replaced with fresh dissolution media. After filtration through Whatman filter paper, required quantity of methanol was added and concentration of andrographolide was determined UV-spectrophotometrically at 224 nm.
Compatibility study 23 Optimized formulation prepared by using soluplus containing solid dispersion of Andrographis paniculata extract was evaluated for compatibility study between andrographolide by using IR, DSC and XRD.
Infrared spectroscopy
Fourier transform-infrared (FT-IR) spectra of Andrographis paniculata extract, soluplus and 1:1 physical mixture of extract and soluplus were obtained on FT-IR (Bruker Alpha-T, India). The spectra were scanned over the wave number range from 4000 -600 cm -1
.
Differential Scanning Calorimetry
Thermograms of Andrographis paniculata extract, soluplus and solid dispersion were obtained using a DSC instrument (Mettler Toledo, DSC1) equipped with an intracooler. Indium standard was used to calibrate the DSC temperature and enthalpy scale. The powder samples of granules was hermetically sealed in an aluminum pan and heated at constant rate 10 o C/min over a temperature range of 30 o C to 250 o C. Inert atmosphere was maintained by purging nitrogen at the flow rate of 100 ml/min.
X-ray Diffractometry
The X-ray diffraction patterns of granules were determined using a Phillips PW-3710 X-ray diffractometer. Sample of Andrographis paniculata extract, soluplus and solid dispersion were irradiated with monochro- 
RESULTS
Micromeritic properties of solid dispersion of Andrographis paniculata extract
Photo microscopic image of Andrographis paniculata extract showed irregular crystals of extract. Whereas in the photo microscopic image of solid dispersion, crystals of extract was not observed on the surface of solid dispersion. This may be due to complete dispersion of extract into carriers. It was shown in Figure 2 . All formulations of solid dispersions were found to be pale yellow, free flowing and odourless powder. Results of angle of repose, bulk and tapped density, compressibility index, Hausners ratio and percent yield are summarized in Table 2 . 
Saturation Solubility of Andrographis paniculata extract and Solid Dispersion
Result showed that, solubility of Andrographis paniculata extract in distilled water was found to be 2.98 ±0.32 µg/ml. Solubility of extract from solid dispersion prepared by using soluplus shows maximum solubility than that of extract. Solubility of extract was found to be more from solid dispersion which was prepared by using soluplus than that of prepared using PEG 6000. It was shown in Table 3 and Figure 3 .
Preparation and evaluation of solid dispersion tablet
Tablets of all formulations (F1 to F6) were prepared by direct compression technique. The prepared tablets were evaluated for different parameters such as thickness, hardness, weight variation, drug content, friability and disintegration time. All results are summarized in Table 4 . 
In-vitro Drug Release Studies
The results showed that, rate of drug release are higher in acidic buffer at pH 1.2, that is shown in Table 5 and Figure 4 , as compared to that of in phosphate buffer at pH 6.8, shown in Table 6 and Figure 5 .
Compatibility study
Fourier transform-infrared (FT-IR) Spectroscopy
FTIR study was done to assess whether any possible interaction between Andrographis paniculata extract and soluplus. Infrared spectrums of extract, soluplus and 1:1 physical mixture of extract and soluplus are shown in Figure 6 .
Results of compatibility study using FTIR showed that the fundamental peak of Andrographis paniculata extract at 902.423 cm 
X-ray Diffractometry (XRD)
The height of the characteristic peak intensity of Andrographis paniculata extract is remarkably reduced in case of diffractogram of solid dispersion.
It is shown in Figure 8 . This indicates that Andrographis paniculata extract may have converted to a metastable amorphous form or may have dissolved in the matrix system.
DISCUSSION
Angle of repose of all solid dispersion formulations was found to be in between 14.85 ± 0.03 to 25.32 ± 0.03. Angle of repose of solid dispersion prepared by using soluplus as a carrier (F1, F2 and F3) was found to be less than 20. Hence showed excellent flow property than that of solid dispersion prepared by using PEG 6000 as a carrier (F4, F5 and F6) which showed angle of repose more than 20. Bulk density and tapped density of all solid dispersion formulations was found to be in the range of 0.347±0.02 g/mL to 0.687±0.04 g/mL and 0.442±0.03 g/mL to 0.825±0.05 g/mL respectively. Compressibility index and Hausners ratio of all formulations were found to be in the range of 14.09 ± 0.02 % to 21.49 ± 0.04 % and 1.19 ± 0.02 to 1.27 ± 0.04 respectively. Compressibility index of solid dispersion prepared using soluplus and PEG 6000 was found to be approximate 21 and less. Hence showed fair to passable flowability. Among all formulations, compressibility index of solid dispersion of formulation F3 was found to be less than 15, hence it has excellent flowability. Hausners ratio of formulation F3 was found to be less than 1.25 which indicates that it has good flow property. Percent yield of all formulations of solid dispersion by solvent evaporation technique was found to be in the range of 85.47 to 98.63. Formulation F3 showed more percent yield that is 98.63 % than the other formulations. The saturation solubility of Andrographis paniculata extract and solid dispersion study showed that there is 5.77 fold increase in solubility of Andrographis paniculata extract when solid dispersion is prepared with 1:3 proportion of soluplus. Results also showed that as concentration of soluplus and PEG 6000 increases, solubility also increases. Examination of tablets from each batch showed flat circular shape with no cracks having pale yellow color. The thickness of tablets ranged from 4.05±0.03 to 4.08±0.04 mm. All formulations showed uniform thickness. In weight variation test, the pharmacopoeia limit for percent of deviation for tablets of more than 250 mg is ± 5%. The average percent deviation of all tablets was found to be within the limit and hence all formulations passed the weight variation test. The drug content was found to be uniform among all formulations and ranged from 95.25±1.05 to 99.88±0.25 %. The hardness of tablets of all formulations were in the range of 6.4±0.22 to 8.2±0.28 Kg/cm 2 . As the concentration of carrier's increases, hardness of tablet was found to be increases. Tablets of solid dispersion prepared by using PEG 6000 showed maximum hardness which was also reflected in increase in disintegration time. Disintegration time of all formulations was found to be less than 15 min. The friability of tablets of all formulations were in the range of 0.31±0.02 to 0.82±0.03% i.e. less than 1%. Drug released from solid dispersion tablet was found to be significantly higher as compared to plain Andrographis paniculata extract. It could be suggested that in the solid dispersion, molecular dispersion of drug in polymeric carriers may have led to particle size reduction and surface area enhancement, which results into improved dissolution rates. Furthermore no energy is required to break up the crystal lattice of a drug during dissolution process and improvement of drug solubility and wettability due to surrounding hydrophilic carriers. Thus this greater availability of dissolved extract from the solid dispersion tablet formulations may lead to higher absorption and higher oral bioavailability.
Results also reveals that the solid dispersion prepared using soluplus gives higher dissolution rate as compared to that of solid dispersion prepared by using PEG 6000 as a carrier. The compatibility study using FTIR showed that the fundamental peak of Andrographis paniculata extract are retained with slight shifting, which reveals the Andrographis paniculata extract is stable and can retain its functional ability with soluplus. The DSC thermograms of Andrographis paniculata extract, soluplus and solid dispersion, conclude that there is no or minor incompatibility between Andrographis paniculata extract and soluplus. Characteristic peak of Andrographis paniculata extract in was found in the diffractogram (XRD) of solid dispersion, it means that there is no incompatibility between soluplus and ethanolic extract of Andrographis paniculata.
CONCLUSION
The solubility of extract was found to be more from solid dispersion prepared by using soluplus than that of prepared by using PEG 6000. From various batches of solid dispersion tablet of Andrographis paniculata extract, formulation F3 was selected as optimized formulation by considering drug content, aqueous solubility, percent yield and percent drug release. Rate of drug release was found to be higher in acidic buffer at pH 1.2 as compared to that of in phosphate buffer at pH 6.8. Compatibility study using IR, DSC and XRD showed that, ethanolic extract is compatible with soluplus and can be used for preparation of stable formulation. Hence study concluded that, solid dispersion of Andrographis paniculata extract using soluplus can be prepared by solvent evaporation technique to enhance aqueous solubility, dissolution and hence oral bioavailability of andrographolide.
